and it has been distributed throughout South East Asia (Ahmad et al., 1999) . The word "sago" is originally Javanese, meaning starch-containing palm pith. The scientific name is derived from "metra", meaning pith or parenchyma and "xylon" meaning xylem (Rekha et al., 2008) . It is extremely hardy plant, thriving in swampy, acidic peat soils, submerged and saline soils where few other crops survive but growing slowly in peat soil than mineral soil (Rekha et al., 2008) . The sago palm is hapaxantic, means it flowers once and dies shortly thereafter. The palm is mostly propagated vegetatively through its suckers in the wild as well as cultivation. Individual sucker firstly grows into a rosette of leaves, then produce a stout trunk (Caballero et al., 2003) . During the vegetative stage, just before flowering, the plant converts its stored nutrients into starch, which accumulates in the trunk (Rekha et al., 2008) .
The matured trunk will be harvested, leaving the immature and suckers, thereby sustaining sago production (Caballero et al., 2003) . Sago starch is becoming an important carbohydrate source owing to its lower production cost and higher yield compared to other crops such as cassava and maize. Caballero et al. (2003) reported that the productivity of sago palm is four times of paddy (Oryza sativa) where a single palm yields up to 300 kg of starch. Three leading world sago starch producers are Malaysia, Indonesia and Papua New Guinea, where sago palm is grown commercially for the production of sago starch and conversion to animal food or ethanol. A 25 ton per hectare of sago starch was produced every year from sago plantation under development of Sarawak state of Malaysia, the highest in productivity among the starchy crops of the world (Rekha et al., 2008) .
Sago starch is essential diet for people of South East Asia where sago is used in various food items and also to stiffen cloth material in the textile industry. Sago is widely used to produce sago pearls. It can be boiled, either alone or mixed with other foods, and consumed directly as a carbohydrate source (Caballero et al., 2003) . In Malaysia, sago starch was utilized in the making of noodles, crackers, adhesive and glucose syrup (Anthonysamy et al., 2004) .
Quality of sago starches is important when starch is designated for export or when it is sold to large-scale food processors (Oates and Hicks, 2002) . For example, good quality sago starches give high viscosity during gelatinization (Azudin and Lim, 1991) . The poor quality of sago starch has been attributed to a number of factors such as poor processing conditions, presence of metal ions during processing, freshness of the raw pith, presence of polyphenol compounds and the consequent activity of polyphenol (Sim et al., 1991) . Quality problems associated with sago starch are inconsistent viscosity (or variable pasting properties), variable moisture content, distinct odor, low profile viscosity, high level of fiber and dull color. Mature palms are essential for the production of high-quality starch. Immature pith contains more impurities per unit weight of starch and has a greater tendency for browning (Karim et al., 2008) . Ruddle et al. (1978) reported that the starch reserve inside sago palm trunk apparently at their maximum just before flowering and fruiting but scientifically little information available about the timing of starch build up. Jong (1995) found that the starch content is low in the early stages of trunk development and is mainly confined to the lower portion of the trunk. In Indonesia and Sarawak, the general belief is that the felling of the sago palm is best carried out after flowering but before the fruiting stage (Karim et al., 2008) . Therefore sago starch properties at different growth stages has to be established as the maturity, the location of the starch at different parts of sago palm trunks and the types of soil have been found to influence the physicochemical and functional properties of sago starch (Karim et al., 2008) . Jong (1995) reported that high content and density of starches are constant throughout the whole length of the trunk until the flowering stage. Thereafter, the level of starch decreases sharply towards the topmost and bottommost position of the trunk. Thus, it is important to study sago starch properties at different heights of sago palm.
Previous study of sago starch in peat soil by Tie et al. (2008) found that there was a variation in the morphology of starch, amylose content, particle size and distribution profile, pasting, thermal and retrogradation profile of sago starch from different growth stages obtained at different heights of the palm. Nozaki et al. (2004) also reported that sago palm grows quickly in mineral soil with most starch accumulated from base towards the middle heights of the palm; while no morphological differences in the starch granules among the soil conditions and position for sago palm grown in peat soil (Rekha et al., 2008) . However these data are not sufficient to cater the increasing demand for high quality sago starch from the industry. The presence of quality variations for sago starch from batch to batch such as viscosity and color; will effects the processing condition, mechanization and end product. Thus the effective utilization of this starch requires an understanding of its basic properties for which data is still lacking for sago palm grown in mineral soil at different growth stages obtained from different heights.
It is hope that the output of this study will contribute to the improvement of sago starch quality; hence a reliable large volume supply of good quality sago starch will be available. A competitive price and sufficient supply of high quality sago starch would provide an alternative of starch source for the starch processors.
Objectives
The objectives in this study are as follows: et al., 1999) . In starch granules, the amylose and amylopectin molecules are radially oriented with their single reducing end-groups towards the centre or hilum, and synthesis is by apposition at the outer non-reducing ends (French, 1984) .
Amylose has long linear chains of (α-1-4) -linked D-glucopyranose residues (Figure 3 ), some with a few (more than 10) branches (Jane et al., 1999) . Amylose can be made of several thousand glucose units and the number of repeated glucose subunits (n) can be many thousands. Amylose is found with molecular weights ranging from 10 5 -10 6 and with the number of glucose residues per molecule, (DP -degree of polymerization) ranging from 500 to 5000 (Galliard and Bowler, 1987) . DP is the total number of anhydroglucose residues present divided by the number of reducing ends.
Amylose is present in the amorphous structure. In general, cereal starches have smaller amylose molecules than tuber starches, and large amylose molecules contain more branch linkages than small amylose molecules. Amylopectin is the major component of starch. The molecules are very large, ranging from 50 million to over a 100 million in molecular weight (Whistler et al., 1984) . Being a major component in starch, its crystalline structure nature and its swelling power, amylopectin plays an important and dominating role in the starch properties such as gelatinization and pasting properties. It is highly crystalline and it is responsible for the crystallinity of starch granules and results in insolubility of starch granules in cold water.
The packing of the amylopectin clusters form two alternating crystalline and amorphous lamellae regions ( Figure 6 ). The amylopectin double helices fall within the crystalline lamellae regions, while the amylopectin branch points line in the amorphous lamellae. The crystalline double helices are more compact and less susceptible to acid compared with the amorphous lamellae. The width of one crystalline and one amorphous lamellae is 9 nm and the width of one growth ring is around 120 -400 nm (Kuakpetoon, 2006) . Table 2 shows some important physicochemical properties of amylose and amylopectin. or lack of pores, channels and cavities), molecular structure (amylose and amylopectin fine structures) and composition (amylose-to-amylopectin ratio, content of non-starch components) lead to variations in starch properties (X-ray diffraction pattern, gelatinization temperature range, gel properties, retrogradation tendency, granule swelling power and pattern, etc.) which are indications of structural divergence.
Starch occurs in granular form, with the shape of the granules being characteristic of the source of the starch. Analysis of granules with polarized light shows evidence of a layered structure in the granule, particularly for wheat, although starch from many plants only exhibits the rings or lamellae after pretreatment with acid or hydrolytic enzymes. It was reported that starch granules have a symmetrical arrangement thought to be crystalline structure which can be seen as birefringence patterns when the granule is viewed between crossed polarizer (Kennedy et al., 1987) .
Isolation of starch granule from plant tissues can be achieved without degradation because they are insoluble in cold water, whereas many of the contaminants are soluble.
The granules swell reversibly in cold water and this process is used for the extraction on the industrial scale to loosen the granules in the matrix. As temperature is raised, the swelling process becomes irreversible and the ordered structure is lost. Above this gelatinization temperature the granule bursts to form a starch paste. Starch granules will burst at different temperature where the temperature of gelatinization is characteristic of a particular starch (Kennedy et al., 1987) . and degree of crystallinity within the granule and also on granule size and the amylose to amylopection ratio. Normally the smaller the granule the higher will be the gelatinization temperature (Ahmad et al., 1999) .
Thermal Analysis of
Retrogradation is a result of re-association of starch molecules in an ordered structure. It is a situation where the dissolved amylose chains associate to form helices and insoluble double helices when starch paste cools (Abera and Rakshit, 2003) . During retrogradation, amylose forms double helical associations of 40 -70 glucose units whereas amylopectin crystallization occurs by re-association of the outermost short branches. Extent of retrogradation and the nature of crystallite formed may be affected by the starch source, concentration and storage temperature (Narpinder et al., 2005) .
The variation in the thermal properties of starches after gelatinization and during refrigerated storage may be attributed to the variation in amylose to amylopectin ratio, size and shape of the granules and presence/absence of lipids; although both amylose
and amylopectin component appears to be more responsible for long term quality changes in foods. Recrystallization of amylopectin branch chains has been reported to occur in less ordered manner in stored starch gels as it is present in native form. This explains the observation of endotherms at temperature range below that for gelatinization (Narpinder et al., 2005) .
Retrograded starches are problematic as food components. Retrograded starchy foods cause an unacceptable texture, because parts of starch molecules associate to form a more rigid or toughened structure. Retrogradation occurred within the swollen granule during aging the paste, which stabilizes the granule against swelling when heated to a higher temperature. Retrograded starch is more soluble in cold water than raw starch and it produces viscous solutions even at room temperature (Hibi and Hikone, 2000).
Pasting, Swelling and Solubility
When starch molecules are heated in excess water, the crystalline structure is disrupted and water molecules become linked by hydrogen bonding to the exposed hydroxyl groups of amylose and amylopectin, which cause an increase in granule swelling and solubility (Narpinder et al., 2005; Lee et al., 2005) . After gelatinization, a starch paste consists of solubilized carbohydrate molecules and swollen starch granules or their fragments. Granule swelling occurs after the melting of the starch crystallites.
After melting of the crystallites, the granules hydrate and swell irreversibly to give a paste (Hibi and Hikone, 2000) . Lin et al. (2003) reported that swelling factor of potato starches was greatly influenced by growth time and experimental temperature. Swelling factor of starch is also influenced by molecular structure including crystalline structure and chemical et al., 2008) . The intrinsic viscosity is a characteristic of macromolecules that is directly related to their ability to disturb flow and indirectly to the size and shape of the molecules. This value is obtain by measuring specific viscosities at different concentrations at the same shear rate and extrapolating the course of specific viscosity to infinite dilution (Nurul Islam et al., 2001 ).
Scanning Electron Microscopy (SEM)
Basic SEM principle application involve fine probe of electrons with energies focused on a specimen, and scanned along a pattern of parallel lines. Various signals are generated as a result of the impact of the incident electrons, which are collected to form an image or to analyse the sample surface (Bogner et al., 2007) . Eliasson (2004) reported that 
X-Ray Diffraction
The melting thermodynamic properties of starches were directly correlated to their amylose content. X-ray diffraction patterns have been used to reveal the characteristics of the crystalline structure of starch granules (Huang et al., 2006 ). Tian et al. (1991 reported that the crystalline nature of a starch granule can be defined by the position of the x-ray diffraction peak. Starch granules possess different types of crystallinity, displaying A-, B-and C-type X-ray patterns, depending on their amylopectin branch chain length (Hizukuri, 1985 (Hoseney, 1994) . Figure 7 shows the X-ray diffraction patterns of A, B and C type. The A-type polymorphic starch has a monoclinic unit cell and the B-type polymorphic starch has a hexagonal unit cell (Imberty et al., 1991; Zobel, 1988) . The Ctype polymorphic starch consists of a combination of the A-type and the B-type unit cells. This classification, based on diffractometric spectra, does not follow the morphological classification but is able to group most starches conveniently according to their physical properties (Gallant et al., 1992) . In addition, Jane (2006) (Jeong and Lim, 2003) . Gels of amylose become very firm on standing due to the formation of crystallites, whereas amylopectin gels are softer, more stable and less crystalline because of extensive branching. The addition of amylopectin will improve the stability of starch products because it prevents association of amylose molecules which follows the release of water molecules, as shown in Figure 8 . This process is termed "retrogradation", which means the return from salvated, dispersed state to an insoluble, aggregated state. The change is accompanied by an increase in cloudiness as well as formation of free water, the latter being termed "synerisis". Amylopectin undergoes retrogradation more slowly and to a much lesser extent than amylose, because of its highly branched structure. Unlike linear amylose, amylopectin molecules are not able to align so readily, this only happens over limited regions. (Eliasson, 2004) .
Synerisis occurs due to increased molecular association between starch chains, at reduced temperature, thus excluding water from the gel structure. Waxy rice starch gel was reported to be more resistant to synerisis after a freeze-thaw cycle due to the formation of fewer inter-molecular associations (Eliason, 2004) . Freezing modified the quality attributes of the starch pastes by increasing exudates production, structure deterioration and rheological changes. Starch retrogradation and ice recrystallization both contributed to the deterioration of the frozen paste during storage. The pith is saturated with starch from the base of the stem upwards, and at maturity the trunk is fully saturated with starch almost to the crown. After the mature fruits fall off, the palm will soon die. The development of the inflorescence to the production of ripe fruits lasts about 2 year, during which the remaining leaves fall and the carbohydrate supply in the stem is exhausted (Karim et al., 2008) . Starch accumulation in palms on a massive scale as found in Metroxylon is almost always associated with the hapaxanthic flowering method, where starch is accumulated in the pith of the stem and is mobilized at the onset of the production of a mass of inflorescence state. As flowering proceeded, the stem apex aborts and flowering and fruiting are followed by the death of the stem. Due to the massive size and lengthy vegetative phase, vast quantities of sago are stored in the stems (Karim et al., 2008) .
Soil of the Sago Palm Areas
Soil is the central organizer of the terrestrial ecosystem. Minerals, organic components and microorganisms are among major solid components of soils. These components are not separate entities but rather a unified system constantly in association with each other in the environment (Huanga et al., 2005) . Major inorganic solid compounds are quartz, clay minerals, (hydrous) oxides of Ferum, Mangan, and Aluminium, carbonates as well as anthropogenic compounds. Soil organic matter (SOM)
represents a complex mixture of partially recalcitrant substances composed of humified and nonhumified materials that derive from plant litter, faunal, and microbial biomass (Totschel et al., 2010) . Murtedza (2002) reported that the parameters commonly used to describe the physical properties of organic soil are those related to texture, loss on ignition, bulk density, porosity, wetting and drying process, moisture relationships and hydrology. The physical properties of organic soils are dependent on the four major components which make up the organic soil system; the organic material, the mineral material, water and air.
Metroxylon sagu species can grow on a wide variety of soils, preferring medium and heavy soil texture. They can persist on well drained, poor quality materials including sand, clay, or lava. The palms will grow in soil that is periodically inundated by salt water as long as fresh water flow is more prevalent. It grows best soils with impede drainage, or with seasonal water-logging because water-logging for long periods impedes growth and productivity of sago palm (McClatchey et al., 2004) . Table 3 
